Memory for order is markedly impaired by the presence of irrelevant sound, even though participants are instructed to ignore the sound. Although a great deal of research has disclosed some features of the task and of the sound that augment or reduce the degree of interference, one important issue of the irrelevant sound effect not yet resolved is whether speech has a special status. This study revealed, within a design of adequate power, that the same physical stimulus (sine wave speech), whether perceived as speech or as nonspeech sound, produces similar degrees of disruption and is less disruptive of serial recall than natural speech. This outcome suggests that the acoustic constituents of sound rather than its source are most influential in determining the impact of irrelevant material.
A number of memory tasks, particularly those involving memory for order, are susceptible to disruption by the presence of background sound (e.g., Colle & Welsh, 1976) . Although individuals are aware that the sound is irrelevant to the primary task and are instructed to ignore this unwanted input, performance is substantially impaired. This irrelevant sound effect has proved to be very robust and reliable (see Ellermeier & Zimmer, 1997) . A considerable amount of research has revealed sound and task features that have a significant influence on the magnitude of the effect (e.g., Beaman & Jones, 1997; LeCompte, Neely, & Wilson, 1997) . In this study, we examine the characteristics of sounds that make them intrusive--specifically, whether speech stimuli play a special role in the irrelevant sound effect.
There has been some debate as to whether speech is a stimulus of special status in auditory perception (see, e.g., Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 1967) . The speech mode has been considered by many to be a particular manner of perceiving, uniquely geared to the automatic extraction of linguistic features from the acoustic signal. With regard to short-term memory paradigms, some researchers have claimed that speech stimuli are afforded direct and privileged access to some phonological store or module (see, e.g., Baddeley, 1990) . It has been suggested that over-learned speech elements in some fashion provide topdown processing guidance, a notion which would imply that speech stimuli are special and distinct from nonspeech stimuli (see S6bastien Tremblay, Alastair P. Nicholls, David Alford, and Dylan M. Jones, School of Psychology, Cardiff University, Cardiff, United Kingdom.
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Correspondence concerning this article should be addressed to S6bastien Tremblay, School of Psychology, Cardiff University, P.O. Box 901, Cardiff CF1 3YG, United Kingdom. Electronic mail may be sent to tremblay @ cardiff.ac.uk. Liberman & Mattingly, 1989 , for a review). However, in relation to the process of unattended sound, as in the irrelevant sound paradigm, it has been suggested that processing of speech stimuli is similar to that of nonspeech stimuli (see, e.g., Bregman, 1990) .
The claim that speech has a special status within the irrelevant sound effect is also undermined to some extent by accumulated evidence suggesting that acoustic features related to precategorical processing rather than semantic factors determine the magnitude of the effect. Disruption of serial recall increases marginally, if at all, when meaning is manipulated: (a) Meaningless speech, such as nonwords (Buchner, Irmen, & Erdfelder, 1996; Salam6 & Baddeley, 1982 ; but see LeCompte et al., 1997) or speech in an unknown language (e.g., Colle, 1980 ) is usually as disruptive as meaningful speech; and 0a) irrelevant material semantically similar to the tobe-remembered (TBR) items produces little (Neely & LeCompte, 1999) or no more disruption than unrelated speech (e.g., LeCompte & Shalbe, 1997) .
The idea that speech is not special in this context is buttressed by an array of studies showing that speech is neither necessary nor sufficient for the irrelevant sound effect. For instance, if a speech token is repeated, sometimes there is little or no disruption (e.g., Jones, Madden, & Miles, 1992) , but some other times there is a significant deficit in recall relative to that obtained with a quiet control condition (e.g., LeCompte, 1995) . However, presentation of a sequence of changing speech tokens (e.g., C, H, U, J--as opposed to J, J, J, J) almost without exception increases the degree of disruption sharply (Jones et al., 1992; LeCompte, 1995; see also Tremblay & Jones, 1998) . This increased disruption attributable to variation has been demonstrated with nonspeech as well; tones varying either in frequency or in timbre produce substantial disruption (e.g., Neath, Surprenant, & LeCompte, 1998) . In a number of studies, the amount of acoustic variation, whether it is over discrete tokens or within an acoustically continuous sound, has been shown to be a key determinant of the degree of disruption (e.g., Jones, Macken, & Murray, 1993; Klatte & Hellbriack, 1993; Martin-Loeches, Schweinberger, & Sommer, 1997) . Acoustic variation can be defined as the amount of change in terms of all acoustic features (except for overall amplitude) between successive tokens (see Tremblay & Jones, 1999 ; see also Jones, Alford, Bridges, Tremblay, & Macken, 1999) .
It is clear from the literature that speech is not necessary for disruption; nevertheless, the proposal that irrelevant nonspeech can be as disruptive as irrelevant speech (e.g., as shown by Neath et al., 1998 ) is still disputed. Some studies have shown vocal music to be slightly more detrimental than instrumental music (Salam6 & Baddeley, 1989) , just as speech tokens are relative to pure tones (LeCompte et al., 1997) . That speech is special can be taken to account for this increased level of disruption, but it can also be argued that speech tokens inherently exhibit greater token-to-token acoustic variation than do simple tones. suggested that sounds with an equal amount of variation, regardless of their source, should produce the same degree of disruption on serial recall.
One way of testing the concept that an equal amount of acoustic variation leads to an equal degree of disruption would be to use the same physical stimuli as irrelevant sound but to manipulate their speechlike nature perceivability through preexposure to the sound and instructions given to participants. One type of sound suitable for this purpose is sine wave speech, which is an ambiguous stimulus consisting of a number of sinusoids that mimic speechformant features (see, e.g., Remez & Rubin, 1990) . Sine wave stimuli eliminate some of the spectrotemporal acoustic features of natural speech but retain the global pattern of the first three formants over time (see Figure 1 ). Untrained listeners typically report that the sine wave stimulus sounds like electronic music or computer bleeps, but once aware of the speechlike nature of the sine wave stimuli, listeners find intelligibility to be good despite the fact that the sine wave speech contains a less-than-full complement of the features present in natural speech.
By use of sine wave speech, it is possible to make a group of participants aware explicitly of the speechlike quality of the stimuli and, in turn, to enable them to hear the stimuli as speech. However, because of the ambiguous nature of sine wave speech, it is also possible to expose another group of participants to the same stimuli but keep them oblivious of the speechlike origins of the stimuli by describing the sound as computer generated. Therefore, whether speech has a special role in the effect should be revealed through the contrast in recall performance between the trained group and the nontrained (unaware) group.
A similar manipulation has been used to examine the distinction between the effects of speech and nonspeech sounds in relation to other short-term memory phenomena, such as suffix and modality effects. The suffix effect refers to the reduction of recency caused by an irrelevant item appended to a sequence of TBR spoken items (e.g., Crowder & Morton, 1969) . The effect on recency seems to depend on whether the suffix has been categorized as speech or not (e.g., Ayres, Jonides, Reitman, Egan, & Howard, 1979; Neath, Surprenant, & Crowder, 1993) . The crucial feature of these studies is that the suffix effect seems to be mediated by top-down knowledge or context-dependent processes, not merely by acoustic similarities between the suffix and the final items in the TBR list. Given that the etiology of the suffix effect is often shared with the recency effect, one might expect to find greater recency in recall of ambiguous items when these items are heard as speech. However, recency is actually reduced when sine wave speech is used as TBR items regardless of whether participants are trained to hear them as speech or not (Surprenant, Pitt, & Crowder, 1993) .
Because of their ambiguous nature, sine wave stimuli can be heard as either nonspeech or speech. A group of participants was exposed to the sine wave material and trained to hear it as speech. This procedure was done during a short session prior to the irrelevant sound experiment. The critical test is the contrast between the trained group and the group told that the same stimuli are computer-generated sounds. For this contrast to be valid, precautions had to be taken to ensure that participants in the latter group did not become aware of the speechlike nature of the sine wave stimuli throughout the experimental session. Pilot studies demonstrated that participants were oblivious to the speechlike features of the sine wave stimuli unless trained. In addition to the contrast between the unaware and trained groups, two more groups were included: a control group, members of which performed the serial recall task in a quiet environment, and a group exposed to irrelevant natural speech.
Method

Participants
A total of 211 psychology students from Cardiff University were given course credits in return for their participation. Eleven participants were excluded for failure to meet criteria discussed below. Each condition comprised 50 participants. All participants reported normal or correctedto-normal vision and normal heating and were native English speakers. 
Apparatus and Materials
TBR items were presented sequentially on a Macintosh Performa computer using Supercard software (version 3.0; Allegiant, San Diego, CA). Each TBR sequence comprised the same nine orthographically and pho-nologically distinctive set of consonants ~ k, /, m, q, r, s, t, and v) presented in 36-point Geneva font. Consonants were presented in a quasirandom order in each trial, with care being taken not to create any meaningful strings of letters. Each consonant was displayed for 800 ms, with a blank period in between consonants of 200 ms.
Irrelevant sound sequences were created with two different types of auditory stimuli: spoken words and sine wave versions of those words. ~ The speech sequences comprised the words bowls, boy, day, dog, go, than, and view, recorded digitally in a male voice and spoken at an even pitch.
The sine wave version of the seven speech tokens consisted of sinusoids that mimic the amplitude, duration, and center frequency of the first three formants in natural speech. 2 Sequences of items, either natural speech or sine wave tokens, were ordered with Sound Designer II (Digidesign, Menlo Park, CA), with the precaution that no token was repeated in succession. Each token was separated from the next by an interstimulus interval of 100 ms. The duration of a sequence was 20 s. Four such random sequences were constructed for each of the three irrelevant sound conditions (sine wave unaware, sine wave trained, and natural speech); each sequence was presented five times over the experimental session in a random fashion across trials. Irrelevant sound sequences were played via headphones at approximately 65 dB(A).
Des~n
A mixed design was used, with auditory condition (quiet, sine wave unaware, sine wave trained, and natural speech) as a between-groups variable and with serial position as a repeated measures variable. Four groups of participants performed 20 trials of serial recall under one of the four auditory conditions. Participants performed two practice trials on the memory task in silence prior to the actual experiment.
Procedure
All participants had to perform the same serial recall task, but the control participants, who were not exposed to any irrelevant sound, did not take part in the preexposure session.
Serial recall task. Participants were tested individually in a soundproof
laboratory at a distance of approximately 50 cm from the computer screen. The nine-consonant sequence took approximately 10 s to present (one letter per second), after which participants were required to walt 10 s before recall. During this interval, participants were expected to rehearse the consonant list. The word recall appeared on the screen after the retention interval, prompting participants to begin written serial recall. The irrelevant sound sequences spanned both the presentation and the rehearsal periods. There were two practice trials prior to the experimental trials.
Preexposure session. In the three irrelevant sound conditions, participants were told that they would be required to ignore the sound and focus on the serial recall task. They were also reassured that no aspect of the sound would be subsequently tested. Preexperimental description of the sound in the natural speech, sine wave-trained, and sine wave-unaware conditions led participants to believe that they were going to hear spoken words, synthesized speech, or computer-generated sounds, respectively. Participants in all three irrelevant sound groups were preexposed to one of the sequences of sine wave stimuli to be used as task-irrelevant material in the experimental session. The sequence was played at approximately one word per second (a rate slower than that at which the irrelevant material was presented). As participants in the sine wave-trained group were presented with each sine wave token, they also saw a visual display of the corresponding word. After three-quarters of the sequence had been presented, participants were asked to shadow the rest of the sequence (which was then presented in the auditory modality only). Seven participants from the sine wave-trained group were excluded because of their failure to shadow accurately. 3 The same preexposure procedure was used for the natural speech group; this procedure was adopted in order to equate exposure to the materials in the speech and sine wave-trained groups. Noteworthy is that the participants in the sine wave-unaware group were not presented with the visual list of words and did not perform the shadowing task. However, those participants received the same amount of auditory passive exposure. Postexperimental debriefing confirmed that participants in the unaware group were oblivious of the speech-based nature of the sine wave. On completion of the study, participants in the unaware group were asked to describe the irrelevant sound in their own words; any reference to speech (e.g., synthesized speech) led to their exclusion from the study (4 participants were excluded at this stage).
Results
Raw data were scored following a strict serial recall criterion: Items were scored as correct if they appeared in the serial position on the response sheet that corresponded to their position in the TBR sequence. Probability of recall in relation to auditory condition, averaged over serial positions, is presented in Table 1 . In general, participants exposed to natural speech produced the poorest recall performance, whereas those not exposed to irrelevant sound produced superior recall. Performance in the two sine wave conditions was nearly identical.
Serial order errors were submitted to a 4 × 9 mixed analysis of variance with one between-subjects variable (auditory condition, four levels) and one repeated measures variable (serial position, nine levels). Auditory condition produced a significant effect, F(3, 196) = 26.83, MSE = 22.13, p < .0001, as did serial position, F(8, 1568) = 217.73, MSE = 1.67, p < .0001. The interaction of auditory condition and serial position was significant, F(24, 1568) = 3.42, MSE = 1.67,p < .0001. This interaction arose from a much less marked degree of disruption by irrelevant sound at the initial position and could represent a ceiling effect.
Post hoc pairwise comparisons (Student Newman-Keuls; alpha = .05) were carried out on the main effect of auditory condition. The following pattern of results was revealed: performance in the quiet condition was better than that in all three irrelevant sound conditions, natural speech produced more disruption than both sine wave heard as nonspeech (unaware group) and sine wave heard as speech (trained group), but the 1 Single words rather than whole sentences were used as irrelevant stimuli in order to decrease the likelihood that participants in the unaware group would guess spontaneously the speechlike nature of the sine wave stimuli.
2 The production of the sine wave speech stimuli used in this study was based on information downloaded from the Haskins Laboratories (New Haven, CT) Web site at http://www.haskins.yale.edu/.
3 The performance criterion was set at six out of seven words correctly shadowed; mean performance was 6.38, with a standard deviation of 0.49. critical comparison between the two sine wave conditions was not significant. The effect size (see Cohen, 1988) of the difference between the natural speech and sine wave-trained groups was d = 0.27, whereas the effect size of the difference between the sine wave-unaware and sine wave-trained groups was d = 0.07.
Discussion
Irrelevant sine wave stimuli produced similar degrees of disruption, independently of whether participants were trained to hear sine wave stimuli as speech or not. This pattern of results constitutes some support for the claim that speech and nonspeech, equated in terms of acoustic variation, produce similar disruptions of serial recall. Natural speech was more disruptive than sine wave speech. Although it is impossible to be certain on the basis of the results of the experiment undertaken here, the most likely cause of this difference is the greater acoustic complexity of the natural speech. More elements change between stimuli in the natural speech than in the relatively acoustically simpler sine wave speech.
The findings of this study converge with a substantial amount of research showing that both irrelevant speech and irrelevant nonspeech stimuli are functionally equivalent with regard to a number of phenomena. For instance, the nonmonotonic relationship between acoustic variation and the magnitude of the irrelevant sound effect has been demonstrated with both speech and nonspeech stimuli. Indeed, the effect of acoustic variation on serial recall is mediated by the phenomenon of streaming by pitch, whether tones or vowels are used as irrelevant sound (Jones et al., 1999) . Nonmonotonic functions for nonspeech and speech are found between token set size and disruption: Error increases as the number of distinct tokens increases from one to two, but there is no significant increase in error as set size increases above that level (Tremblay & Jones, 1998) . Other examples of functional equivalence include the stability of the effect over repeated trials (Tremblay & Jones, 1998) and the insensitivity of the effect to variation in intensity (Tremblay & Jones, 1999) . In functional terms, at least, speech does not seem to have a special status within the irrelevant sound effect.
Within the irrelevant sound paradigm, it has been demonstrated in numerous studies that bottom-up variables, such as acoustic variation and primitive streaming, rather than semantic factors are largely responsible for the disruption of serial recall. Although the absence of a significant difference between sine wave-unaware and sine wave-trained groups is well supported by a design of adequate power (1 -/3 = .70, in order to detect a medium-size effect with a sample of 50 participants per group), the numerical trend for sine wave stimuli heard as speech to be slightly more disruptive than sine wave stimuli heard as nonspeech may nevertheless reflect a minor role of top-down knowledge (that is, in this study, being aware of the speechlike nature of the irrelevant material) in determining the magnitude of the irrelevant sound effect. However, it is plausible that higher-order attributes of speech, such as top-down or context-dependent processing, have an impact on the disruption of tasks requiring processes of a higher order than seriation processes. Indeed, the influence of such factors seems to be more significant on other tasks than on those involving memory for order; there is some evidence suggesting that when semantic processes are involved in the primary task, manipulation of meaning affects the degree of disruption. For example, irrelevant words semantically related to a list of TBR words produce slightly more disruption than unrelated irrelevant words, and this increased disruption is much greater when the task is one of free recall for words grouped in semantic categories than when it is one of strict serial recall (Neely & LeCompte, 1999; see also, Jones, Miles, & Page, 1990) .
